Abstract: Medial-sided knee injuries can result in pain, instability, and loss of function. Many clinical studies have been written on the treatment of medial-sided knee injuries; however, the vast majority are isolated case series of surgical or nonoperative treatment regimens, and only a few randomized prospective clinical trials can be found in the literature that compare different treatment modalities.
M edial-sided knee injuries can result in pain, persistent instability, and loss of function. However, the nature of these injuries is heterogenous in terms of age, anatomy, pathoanatomy, chronicity, and treatment.
Multiple soft tissue structures help to stabilize the medial aspect of the knee. The largest and most identifiable structure is the superficial medial collateral ligament (MCL). It courses from just proximal and posterior to the medial epicondyle and has a broad-based insertion distally in the posterior medial tibia. It is the primary restraint to varus. The deep MCL is a thickening of the medial joint capsule with meniscofemoral and meniscotibial fibers that anchor the medial aspect of the meniscus to bone. The posterior oblique ligament (POL) has 3 bands, the most prominent of which is the central band. The central band of the POL attaches 7.7 mm distal and 6.4 mm posterior to the adductor tubercle on the femur. It attaches distally to the posteromedial aspect of the proximal tibia and it reinforces posteromedial joint capsule. It assists in providing external rotational stability. Finally, the pes tendons and hamstrings assist with stability. The semimembranosus, specifically, aids in stabilize the posteromedial corner of the knee. 1 The complex anatomy of the medial aspect of the knee has led to some difficulty in designing a standardized treatment algorithm of injuries involving these structures. Therefore, outcomes of studies involving the treatment of medial knee injuries, likewise, are difficult to interpret. Many studies report results on the treatment of medial collateral ligament injuries only. Other studies stress the importance of the posteromedial knee structures in restoring valgus and rotatory stability to the knee. When reviewing the literature it is important to clarify exactly what injury pattern is being treated. Some studies report on acute medial collateral ligament injuries, whereas other comment on chronic tears. Further complicating the literature interpretation of medial-sided knee injuries is that they are commonly associated with damage to other ligaments around the knee. Fetto and Marshall 2 found an associated ligament injury with a grade III MCL tear in 78.1% of cases, 95% of which were anterior cruciate ligament injuries. In another study, 88% of patients who underwent medial collateral ligament repair were found to have a concomitant ACL rupture. 3 Whether in isolation or in combination with other ligament injuries, multiple treatments have been reported in the literature. A wide spectrum of nonoperative protocols as well as surgical repair and ligament reconstruction options have been described, many of which have shown favorable outcomes in terms of stability, return to activity and subjective outcome measures.
Unfortunately, most studies are low level of evidence and reported as case series. We reviewed PubMed August 2014 using search terms MCL and medial collateral ligament. In our review of the literature, we only found 3 randomized prospective clinical studies in the literature. [4] [5] [6] Other confounding variables to the interpretation of outcomes in the lack of standardization in exactly what outcomes are reported (Table 1) . Although most studies have some sort of assessment of valgus stability, whether that is medial opening on physical examination, stress radiographs, or subjective stability. However, validated outcome scores such as the Lysholm scale, International Knee Documentation Committee (IKDC) criteria, and Knee Injury and Osteoarthritis Outcome Score (KOOS) are only reported in more recent studies making comparison of outcomes with older reports more difficult.
In this review we have chosen to compare outcomes of different studies by categorizing them according to the injury pattern. First, partial medial-sided ligament injuries will be discussed, followed by isolated complete medial injuries, and finally the outcomes of combined medial collateral ligament injuries and combined cruciate injuries will be reviewed. treatment of isolated low-grade, partial medial collateral ligament injuries (grade I and II) ( Table 2 ). Most authors have suggested nonoperative treatment for such injuries. 2, [7] [8] [9] [10] In a case series of 38 patients with partial medial collateral ligament ruptures treated with functional bracing and rehabilitation, 74% had regained nearly normal knee function by 3 months and excellent Lysholm functional scores were reported in 33 of 38 patients at 4-year followup. Functional scores were slightly lower at 10 years but remained high with excellent scores in 71% of patients and good to excellent scores in 92%. Thirteen percent of patients had radiographic evidence of early arthritis at 10 years. 9 Partial medial collateral ligament injuries are common in the athletic population. Derscheid et al 7 found that 51 of 70 knee injuries in college football players were grade I or II medial collateral ligament sprains over a 4-year period. Although these injuries are common in this population, athletes that sustain these injuries are often able to return to the playing field quickly after only a short period of rest and active rehabilitation. In the same study, Derscheid and colleagues found that college football players with grade I partial medial collateral ligament injuries were able to return to full, unprotected participation after an average of 10.6 days of activity lost. Players with grade II injuries were able to return after a mean of 19.5 days lost. Their reinjury rate was 8%, which was equal to the injury rate in their population, so they concluded that there was no increased risk of reinjury with this treatment protocol. 7 In summary, partial medial collateral ligament injuries are effectively treated with nonoperative means. Usually this involves a short period of rest and functional bracing. When pain subsides, range of motion is full, and strength returns, athletes are allowed to return to play provided they suffered a true partial medial collateral ligament injury and medial stability has been maintained.
COMPLETE MEDIAL COLLATERAL LIGAMENT DISRUPTIONS (ISOLATED GRADE 3 INJURIES)
Complete disruptions of the medial collateral ligament have historically been managed both operatively and nonoperatively; even the nonoperative treatment options have varied greatly from cast immobilization to early motion and functional rehabilitation. In 1980, Hastings reported a treatment protocol for complete isolated medial collateral ligament injuries that involved 2 to 6 weeks of immobilization in plaster, followed by a hinged brace. The majority of their patients were able to return to athletic competition 3 to 4 weeks after the plaster was removed. 11 Indelicato 12 showed a protocol of 2 weeks of immobilization followed by cast bracing for 4 weeks lead to faster recovery of strength than surgical treatment.
However, prolonged immobilization has fallen out of favor, with most modern nonoperative protocols stressing early motion. One such protocol involves range of motion exercises starting on day 1 or 2 after injury, use of a lateral hinged knee brace, and a progressive physical therapy protocol. All of the patients available for follow-up were able to return to full participation and 79% of patients' felt they had returned to preinjury performance levels. At an average of 5.3 years follow-up, the mean HSS knee score was 45.9, with all patients scoring in the good to excellent range. The reinjury rate in their study was 3%. 13 Further support for nonoperative treatment was found in a randomized clinical study published in 1987 of 200 patients with isolated medial collateral ligament tears, isolated anterior cruciate ligament tears, or both. Patients in this study were randomized to conservative versus surgical repair of the injured structures. They found that isolated medial collateral ligament injuries did not benefit from surgical treatment. 4 However, not all outcome studies have had positive results with respect to nonoperative treatment. Kannus found that compared with grade II sprains of the medial collateral ligament, grade III injuries treated nonoperatively tended to have more instability, lower functional scores, and a higher rate of osteoarthritis on radiographs. Thus, they suggested surgical treatment for these injuries. 8 Operative treatment of the medial structures of the knee has been described in the literature as early as 1936, 14 and some early authors describe surgical repair of complete injuries to the medial structures with good outcomes (Table 3) . 15, [17] [18] [19] [20] Hughston and Barrett 15 reported that 94% of patients with open medial-sided repair who were injured during organized athletics were able to return to their preinjury level of athletic function. Critical to their decision for operative treatment was complete ligament disruption along with a component of anteromedial rotary instability (AMRI). Patients with AMRI will demonstrate increased anterior translation of the tibia when an anterior drawer test is performed with the foot held in 15 degrees of external rotation when compared with neutral or external rotation. They felt this indicated that the structures of the posteromedial corner including the posterior oblique ligament and the semimembranosus complex, in addition to the superficial medial collateral ligament, had been disrupted. Therefore, their results may be more consistent with combined injury treatment rather than isolated MCL sprains. A follow-up study by the same group with an average of 22 years of follow-up, demonstrated that 38 of 41 patients treated with a protocol involving medial collateral ligament repair and stressing reconstitution of the semimembranosus complex had good stability and normal range of motion. Applying this data to isolated medial-sided ligament injuries may not be appropriate; however, as 24 of the 41 knees had concomitant anterior cruciate ligament ruptures. It does, however, demonstrate that repairing the medial structures, including the posteromedial corner, does seem to improve stability in knees that demonstrate AMRI on examination, irrespective of the integrity of the anterior cruciate ligament as will be discussed in the next section. 17 
COMBINED INJURIES
As previously stated, complete injuries to the medial collateral ligament are more often than not associated with other ligamentous structures around the knee and can result in complex multiplanar instability (Tables 4, 5 ). Central to achieving good outcomes of combined ligamentous injuries of the knee is restoring stability to the joint, whether that is with operative or nonoperative treatment protocols.
Perhaps the most commonly studied combined pattern is a medial collateral ligament injury combined with an anterior cruciate ligament disruption, and there is considerable controversy when discussing treatment of this injury pattern. Historically, operative treatment was recommended for treatment of the medial collateral ligament. Fetto and Marshall 2 demonstrated that 79% of mixed could be performed if conservative treatment of this ligament had failed. 26 Others prefer to decide whether to treat the medial structures operatively depending on the extent of injury to the medial side of the knee. In a study by Shirakura and colleagues a group of 14 ACL/MCL injuries with grade III MCL tears that demonstrated anterior subluxation of the medial tibial plateau during laxity tests under anesthesia received suture repair with ligament stapling of the medialsided structures without ACL reconstruction. Compared with 11 patients treated nonoperatively for either ligament, they found that there was no difference in ligamentous laxity or Tegner activity scores. The operative group did have significantly higher Lysholm functional scores (98.5 vs. 93.8). 28 They found no difference in proximal or distal lesions. Robins and colleagues examined how the proximaldistal location of medial collateral ligament injury affected postoperative motion after combined MCL repair and ACL reconstruction. They found that the distal lesions had faster return of motion and greater maximal flexion than the proximal lesions. They concluded that proximal injuries should to be treated more aggressively with physical therapy. Another treatment option discussed in their paper was to only repair distal lesions, as these injuries seem to be more tolerant of surgical treatment. 24 Nakamura and colleagues also examined the importance of the location and extent of the lesion on the capacity for healing. In their prospective cohort study of 17 patients they found that all 5 patients who had magnetic resonance imaging evidence of medial collateral ligament damage over the whole length of the ligament had residual valgus laxity despite nonoperative treatment with a brace. 29 More recent literature supports a differing approach; initial conservative treatment of the MCL with reconstruction of the anterior cruciate ligament. 23, 25, 37 Shelbourne and colleagues treated 68 patients with combined ACL/MCL injuries with reconstruction of the ACL only. 96% of their patients were without subjective instability and all patients had a firm endpoint to valgus at 30 degrees. Further, they found no statistically significant difference in stability or reoperation rates when compared with patients they had previously treated with ACL reconstruction combined with MCL repair. 23 This approach was further validated with a prospective randomized trial of 47 patients of combined ACL/MCL disruption. All patients were treated with acute ACL reconstruction with 23 patients being treated with concomitant MCL repair and 24 patients without MCL repair. They found no difference in postoperative stability, range of motion, muscle power, return to activities, or outcome scores at a mean 20 months follow-up. 6 A prospective randomized clinical study also supported improved outcomes with nonoperative treatment of the medial collateral ligament in combined knee injuries. Halinen and colleagues randomized 47 patients with combined ACL and grade III MCL injuries into early reconstruction of the ACL with repair of the MCL (group I) or early reconstruction of the ACL with nonoperative treatment of the MCL (group II). They found that the group of patients who had their MCL treated nonoperatively had faster restoration of flexion and quadriceps muscle strength. 5 Combined ACL/MCL injuries are commonly secondary to low-velocity sporting activities, and in these injury patterns may be amenable to nonoperative treatment of the MCL with delayed reconstruction of the ACL. However, high velocity knee dislocation injuries should be recognized as a much more severe injury pattern necessitating earlier stabilization with poorer outcomes. 19, 38 In a study comparing acute (within 3 wk) and chronic (after 3 wk) repair/ reconstruction of knee dislocations, Harner and colleagues found that those in the acutely treated group had higher objective stability and higher subjective scores. They also found that patients with these injuries were able to return to strenuous labor or high-demand sports activities unpredictably, irrespective of the acuity of treatment. 39 Although a trial of nonoperative treatment of the MCL is an acceptable treatment plan for some injury patterns, not all patients will progress to healing and normal medial stability. 19, 38, 40 Further, chronic injuries to the medial structures of the knee may not have adequate tissue quality and quantity to be amenable to surgical repair. The commonly used anatomic technique by Kim and colleagues is only one of many that have been described in the literature, with most studies of reconstruction techniques reporting good outcomes in terms of stability or subjective patient outcomes. [30] [31] [32] [33] [41] [42] [43] [44] However, comparing outcomes among these multiple techniques can be difficult to interpret. Some techniques reconstruct only the medial collateral ligament, although others emphasize anatomic reconstruction of the posteromedial corner structures as well. No clinical outcome studies have been reported comparing different techniques. Multiple injury patterns are reported regarding the number of different knee ligaments involved both between and within individual studies. Both allograft and autograft tissues have been utilized. For these reasons, future clinical studies comparing repair techniques may improve the ability of the treating surgeon to choose one reconstruction technique over another to achieve maximal outcomes for their patients.
However, there has been one more recent study that compared outcomes of repair versus reconstruction of posteromedial corner injuries in knee dislocation patterns. A repair was performed of the posteromedial corner if there was a medial avulsion injury of the posteromedial corner including the medial collateral ligament and the posterior oblique ligament or if there was high quality tissue amenable for repair within 4 weeks of injury. All other patients had an anatomic posteromedial reconstruction with either allograft or autograft. They found that 5/25 of patients who had their MCL repaired had a failure of repair, whereas only 2/48 reconstructions failed and demonstrated that reconstruction of the medial structures lead to better stability in this injury pattern. However, 37% of their patients were lost to follow-up. There was no difference in return to full-time employment, and the incidence of arthrofibrosis was similar in both groups (20% of repairs, 17% of reconstructions). 34 
AUTHORS' APPROACH TO MEDIAL-SIDED KNEE INJURIES
Medial-sided knee injuries can be difficult to treat. Our approach to partial (grade I/II) injuries is similar to that of many authors; we treat these injuries with a short period of bracing and early motion. This is followed by a return to sport when strength and stability return. We also tend treat the medial side of the knee nonoperatively when the MCL alone is injures as well as when combined with an anterior cruciate ligament injury. When combined, the ACL is treated with reconstruction in a delayed manner after the MCL has healed and knee motion has returned.
We reconstruct the medial ligamentous structures in cases in which valgus laxity or anteromedial rotatory instability persists despite nonoperative treatment, and when the MCL injury is combined with at least 2 other ligament injuries. We have found the reconstruction method of Kim and colleagues to provide excellent stability and reproducible outcomes. In this method, the distal end of the semitendinosus tendon is left attached to the tibia while the proximal end is stripped from its muscle belly with a tendon stripper. After the proximal muscle is removed, the proximal end is whip stitched with a no. 2 nonabsorbable suture. A K-wire is placed in the middle of the MCL femoral insertion. Isometry is confirmed by looping the graft over the wire and placing the knee through a range of motion. Once confirmed, a 6.5 mm cancellous screw with a spiked washer is placed in this location. The graft is pulled taught and the knee place in 30 degrees of flexion and varus while the screw is tightened down to bone. The free end of the graft is then pulled distally and sutured under tension into the insertion of the semimembranosus with no. 2 nonabsorbable suture. With this technique, the anterior arm replicates the MCL, whereas the posterior arm provides additional rotational stability by reproducing the course of the posterior oblique ligament. 32 Postoperatively, the knee is placed in a brace and early motion is allowed.
CONCLUSIONS
In conclusion, outcome studies of treatment strategies of medial-sided knee injuries can be difficult to interpret. However, some conclusions can be made. Isolated partial or complete MCL injuries can be treated nonoperatively with a brace and early motion with good outcomes in terms of stability and return to play. However, many complete injuries are associated with other ligaments within the knee, and there is even variation in reporting which medial structure was injured. Nonoperative management of acute MCL injuries in ACL-MCL injured patients is supported by 2 randomized prospective trials. In knee dislocation patterns in which the medial tissues are not amenable to repair, reconstruction may produce better outcomes, but the optimal reconstruction technique has not been proven.
